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The ability of autoantibodies to penetrate living cells is con-
troversial. We have identified immunoglobulin G (IgG) anti-
bodies capable of penetrating an epithelial cell line, COLO-
16, in five of 36 (14%) antinuclear antibody positive sera 
from patients with SLE. Thirty minutes following incuba-
tion of cells with dilutions of either whole sera, globulin 
fractions, or F(ab'h fragments of IgG, approximately 80-
90% of cells demonstrated intranuclear IgG by indirect im-
munofluorescence. Viability of cells prior to assay was> 98% 
as determined by trypan blue staining and penetration ofIgG 
into the nuclei did not affect viability or DNA synthesis of 
the cells in short-term culture. Intracellular IgG could not be 
detected following exposure of the cells to high-titer refer-
ence autoantibodies of known specificities (against DNA, 
Ro, La, Sm, RNP, or ribosomes). Furthermore, absorption of 
the sera with either DNA or chromatin failed to abolish 
intranuclear penetration, indicating that the autoantibodies 
A ntibody binding to epidermal cell nuclei [detected by direct immunofluorescence (DIF) staining of skin biopsies] has been reported previously [1 - 5] . How-ever, the ability of autoantibodies to penetrate living cells is controversial [6 - 9]. Alarcon-Segovia et al de-
scribed nuclear penetration oflive human peripheral blood mononu-
clear cells (PBMe) in vitro by antiribonucleoprotein (RNP) antibod-
ies through Fc receptors [10]. Galoppin and Saurat detected binding 
of anti-RNP antibodies in vitro to nuclei oflive guinea pig keratino-
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Abbreviations: 
ANA: anti-nuclear antibody 
DIF: direct immunofluorescence 
dsDNA: double-stranded DNA 
ELISA: enzyme-linked immunosorbent assay 
FD: fluorescein diacetate 
FITC: fluorescein isothiocyanate 
[3H]TdR: [3H] tritiated thymidine 
IgG: immunoglobulin G 
IIF: indirect immunofluorescence 
KGM: keratinocyte growth medium 
PBMC: peripheral blood mononuclear cells 
PBS: phosphate-buffered saline 
RNP: anti-ribonucleoprotein 
SLE: systemic lupus erythematosus 
TB: trypan blue 
TE: tris and ethylenediaminetetraacetic acid 
were not directed against DNA receptors or nucleosomes on 
the cell surface. Antibody uptake was relatively selective for 
epithelial cell lines, because intranuclear IgG was not de-
tected in cell lines of lymphoid origin exposed to the sera. 
Two of the five sera immunoprecipitated proteins of molecu-
lar weight 88 kD with or without a 68-kD protein from 
COLO-16 cells labeled with 1251 at the cell surface. 
These findings indicate that a subset of SLE patients have 
IgG capable of penetrating a cell line of epithelial origin. 
These antibodies, most likely, bind to cell surface proteins 
and are translocated into the cell nucleus. Although direct 
immunofluorescence of a skin biopsy obtained from one of 
the five patients with "penetrating IgG" also showed intranu-
clear staining for IgG, the biologic relevance of these find-
ings remains to be determined.] Invest DermatoI100:316-
322, 1993 
cytes, although this was not Fc receptor mediated [11]. Okudaira et 
al observed that anti-DNA antibody penetration of human PBMC 
in vitro may be dependent on the presence of cell membrane DNA 
on target cells [12]. Recently, anti-Ro (SSA) antibodies were re-
ported to selectively penetrate human epithelial cells in human -+ 
SCID mouse skin allografts [13]. 
To determine the frequency, autoantibody specificities, and con-
sequences of antibody penetration of epithelial cells in vitro, we 
exposed COLO-16 cells to sera from patients with SLE. The results 
presented in this study demonstrate that approximately 14% of anti-
nuclear antibody (ANA) - positive SLE sera contained IgG autoanti-
bodies that penetrated into the nuclei of these cells. This process is 
most likely due to autoantibodies binding to unique cell-surface 
receptor(s) that are capable of translocation into the cell nucleus. 
MATERIALS AND METHODS 
Cell Lines Used Six different celliines were used. Three were of 
human epithelial origin (two epidermoid lines growing as mono-
layers, COLO-16 [14] and A-431 [15] and one epithelial line in 
suspension, HeLa-S3 [16]). Two cell lines were of mouse origin [a 
B-cell myeloma, NS-1 [17], and a T-cell lymphoma, CTLL [18]]. In 
addition, cultured keratinocytes that were derived from normal neo-
natal foreskin were used. 
The continuous cell lines were maintained in culture using the 
following media: COLO-16 and CTLL, RPMI-1640; A-431, Dul-
becco's Eagle's medium; HeLa, minimum essential medium; NS-l 
myeloma, Dulbecco's modified Eagles' medium (all from Gibco, 
Grand Island, NY). Media were supplemented with 10% fetal bo-
vine serum (JRH, Bioscience, Lenexa, KS), 2 roM D-glutamine, 
and penicillin/streptomycin. Foreskin-derived keratinocytes were 
grown in serum-free defined medium supplemented by bovine pitui-
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tary extract (KGM, BPE, Clonetics, San Oiego, .CA) and a.ntibiotics 
as described [19]. Cultures of transformed cellimes were mcubated 
at 37°C in a humidified atmosphere in a mixture of95% air and 5% 
CO2 , whereas keratinocytes were incubated in a mixture of 75% 
N 2 , 20% O 2 , and 5% CO2 , After 3 d in culture, COLO-16, A-431, 
and keratinocytes were grown on glass slides for 3 d in sterile dishes. 
The remaining cell lines were grown in suspension. Prior to study, 
the cells were washed twice in cold phosphate-buffered saline (PBS) 
and evaluated for viability by the trypan blue (TB) dye exclusion 
test. At this stage (time "0"), > 98% of cells excluded TB, i.e., were 
viable. 
Selection and Characterization of Sera In a study of the ef-
fects of UV light on the detection of autoantigens [19], it was 
observed that one serum consistently showed nuclear staining of 
unirradiated COLO-16 keratinocytes by direct immunofluores-
cence. To determine the frequency of this property, additional sera 
were obtained from the serum bank at the Hospital for Special 
Surgery. Thirty-five additional sera were selected solely on the basis 
of a high ANA titer [> 4 units by fluorometry (normal range = 0-
1.3 units)] and diagnosis of SLE [20]. Indirect immunofluorescence 
(II F) was performed on HEp-2 cells and 10 sera from healthy volun-
teers (autoantibody negative) were used as controls. High-titer sys-
temic lupus erythematosus (SLE) reference sera containing the au-
toantibodies anti-dsONA, anti-Sm, anti-nRNP, anti-Ro(SSA), 
anti-La(SSB), or antiribosomal P [21-23] were also selected. Sera 
were heated to inactivate complement (56°C for 30 min) and were 
used at a 1 : 50 dilution (in PBS-BSA 1 %) unless specified otherwise. 
Standard Procedure for Cell Penetration Followed by Direct 
Immunofluorescence (DIF) Staining Cells grown as mono-
layers on glass slides (80% confluency) or grown in suspension 
(1-2 X 104 cells/O.l ml medium) were incubated with a 1: 50 di-
lution of test sera at 37°C for 30 min (in duplicate) . The cells were 
then washed twice for 10 min in pre-warmed PBS, after which TB 
staining (see below) was performed. After one additional wash, cells 
grown on slides were immediately fixed with cold acetone. Cells 
grown in suspension were smeared onto glass slides and then fixed 
with cold acetone. To detect intracellular IgG, the glass slides were 
incubated with fluoresceinated goat anti-human IgG (1: 50 dilu-
tion, Tago, Burlingame, CA) for 30 min at room temperature unless 
specified otherwise. Microscopic inspection of stained slides under 
bright light (for TB staining) or UV light (Leitz Fluorescence Mi-
croscope Model 250, Germany) was performed independently by 
two investigators (TOG and AEG). 
Evaluation of Cell Viability The trypan blue (TB) dye exclu-
sion test was performed by adding TB to cells at a final concentra-
tion of 0.1 % for 2 min at room temperature. The mean percentage 
of viability was derived from the total count of 200 cells (TB nega-
tive or positive) in three different microscopic fields. As an addi-
tional test of viability that utilizes cell-membrane function as an 
indicator [24], fluorescein diacetate (FO) (final concentration 1 
mg/ml) was added during incubation with the first antibody. Rho-
damine-conjugated goat anti-human IgG (Tago, Burlingame, CA) 
was used as the second antibody (diluted 1: 50). 
Preparation ofF(ab'h F(ab'h fractions of IgG (patients' sera 3 
and 4, see Table I) were prepared by pepsin digestion of immuno-
globulin fractions as described previously [25]. The undigested IgG 
and Fc fractions were removed by passing the mixture through a 
Sepharose 4B protein G affinity column. The F(ab'h fraction (col-
umn effluent) was free of undigested IgG as determined by sodium 
dodecylsulfate- polyacrylamide gel electrophoresis (SOS-PAGE) 
and staining with Coomassie blue. The F(ab'h fragments were 
ANA positive on fixed HEp-2 cells when fluoresceinated goat anti-
human light chain, but not when fluoresceinated goat anti-human 
IgG Fc, was used as the secondary antibody. 
DNA and Chromatin Absorption of ANA Sera Calf thymus 
DNA (Sigma) was extracted with phenol/chloroform and precipi-
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Table I. Autoantibody Profile of " Penetrating" Sera 
Number ANA' DNAb Sm' RNP' 
ANA Staining 
Ro' La' Patterns 
1 6.69 3+ 0 0 0 0 PeripheraIj 
homogeneous 
2 6.36 4+ 0 0 0 0 Peripheral/ 
homogenous 
3 4.12 1+ 0 0 0 0 Speckled 
4 4.99 4+ 0 0 0 0 Homogenous 
5 6.28 0 0 0 + + PeripheraIj 
speckled 
• [IF units as detennined by fluorometry on HEp-2 cells at a serum dilution of 
1 :50. 
I Detennined by IIF on fixed Crithidia luciliae. 
, Detennined by counterimmunoelectrophoresis, immunoblotting, and ELISAs. 
tated with ethanol. Long chromatin was prepared according to the 
method described by Lutter [26]. Evaluation by ethidium bromide 
staining of samples applied to 0.8% agarose gels revealed the char-
acteristic 200-bp ladder of nucleosomes. Sera were diluted 1 : 50 in 
TE buffer (10 mM Tris, pH 8.0; 1 mM ethylenediaminetetraacetic 
acid) and 100 Jil aliquots were absorbed with 1 mg of ON A or 2 mg 
of chromatin at 4°C overnight. Sera were then centrifuged at 
14,000 rpm for 10 min and the supernatants were tested for anti-
dsDNA and anti-chromatin activity by enzyme-linked immunosor-
bent assays (ELISAs) [27] as well as for cell penetration as described 
above. 
DNA Synthesis COLO-16 and A-431 cells were cultured in 
96-well sterile microtiter plates (2 X 104 cells/O.l ml medium/ 
well) at 37°C for 24 h. Medium was then replaced by freshly pre-
pared medium containing test sera (diluted 1 : 40 or 1: 10, in tripli-
cate). One hour later, cultures were labeled with thymidine 
([3H]TdR, 1 JiCi/well, New England Nuclear Research Products, 
Boston, MA) and harvested 20 h later. 
Immunoassays for Autoantibodies Counterimmunoelectro-
phoresis and immunoblotting were performed as described in detail 
elsewhere [22,23]. For immunoblots the antigens, dog spleen ex-
tract, or HeLa whole cell extract were used at 40 Jig/lane and the 
antisera were diluted 1/200. Selected sera were also tested for anti-
bodies to Ro, La, 5mB/B', and UIRNP by ELISAs utilizing recom-
binant fusion proteins prepared in this laboratory as antigens [28] . 
Immunoprecipitation of Cell-Surface - Labeled Proteins 
Labeling o.f epithelial cell surface proteins was performed by the 
lactoperoXidase method [29] . Antigens were precipitated by protein 
A - bound IgG from patient or control sera. Immunoprecipitated 
antigens were resolved by SOS-PAGE and developed by autoradiog-
raphy. 
Direct Immunofluorescence Staining of a Skin Biopsy Fol-
lowing informed consent, a punch-biopsy specimen (6 mm) was 
taken from an apparently healthy, sun-exposed region of skin from 
the shoulder of patient 3 (see T able I). The patient was a 39-year-
old Caucasian female whose clinical features at the time of biopsy 
were a non-erosive arthritis and Raynaud's phenomenon. The speci-
men was snap frozen in liquid nitrogen. Frozen tissue sections 
(4 Jim thick) were air dried, washed with PBS and thereafter tested 
for the presence of human IgM, IgG, IgA, and C3, using the appro-
priate fluoresceinated conjugates (Tago) . In parallel, skin sections 
were stained with hematoxylin and eosin and processed for light 
microscopy. Skin biopsies could not be obtained from the other four 
patients with penetrating antibodies. 
Statistical Analysis Student t test was used and probability 
values less than 0.05 were considered significant. 
RESULTS 
Frequency, Kinetics, and Cell Specificity of Penetrating An-
tibodies Of the 36 ANA-positive lupus sera tested, five (14%) 
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demonstrated intranuclear IgG by direct immunofluorescence on 
COLO-16 cells. In all cases, the findings were reproducible on at 
least three separate tests. Viability of the cultures, as determined by 
TB staining, was> 95% before and after the addition of the test sera. 
To verify that the cells were viable, FD uptake was assessed. Incuba-
tion with FD produced intracellular green fluorescence in > 95% of 
cells. Figure la-d represent examples of such experiments. Figure 
la,b demonstrate nuclear binding in viable (TB negative cells), after 
incubation with one of the "penetrating" test sera, whereas Fig lc,d 
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Figure 1. Penetration of COLO-16 cells by IgG from patients with SLE. 
COLO-16 cells were incubated with serum (diluted 1: 50) obtained from 
patient 1 (see Table I) for 30 min at 37°C. Thereafter, cells were stained 
with trypan blue, washed, fixed, permeabilized, and incubated with fluo-
rescein-isothiocynate (FITC)-conjugated anti-human IgG (diluted 1 : 50). 
In each pair, the left (a,c) are conventional bright light microscopy and the 
right (b,d) are the corresponding fluorescence micrographs. a,b Trypan 
blue-negative cells; c,d trypan blue-positive cells (arrows). In b, note the 
fine granular homogenous nuclear fluorescence (black arrow) and occa-
sional coarse membrane staining (white arrow) . e shows COLO-16 cells 
incubated with a normal human serum followed by fluoresceinated anti-
IgG under identical conditions. The faint background fluorescence is pro-
duced by inclusion of phenylenediamine in the mounting medium (42). 
Bar, 30 jlm. 
show a different pattern of nuclear fluorescence in dead (TB-posi-
tive) cells incubated with the same test sera. For comparison, Fig Ie 
shows negative nuclear staining (in TB negative cells), after incuba-
tion with one of the normal cO,ntrol sera. Patient sera 1, 2, and 5 
showed membrane staining in less than 10% of cells whereas patient 
sera 3 and 4 demonstrated positive staining of membranes in up to 
40% of cells. 
The autoantibody profiles of the five "penetrating" sera are out-
lined in Table I. Four sera were positive for anti-DNA, one was 
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Table II. Positive DIF Staining of Living COLO-16 Cells 
DIF Stainingh 
Time' Temperature' Nuclear Membrane 
(min) ("C) (Intensity) (Intensity) 
10 37 27-31 (4+) Occasional (1 +) 
30 37 93-95 (4+) < 10% (1 +) 
60 37 98-100 (4+) < 10% (1 +) 
60 2 48-52 (1 +) Occasional (1 +) 
• Incubation time and temperature of patient serum 1 (see Table 1) . 
• Numbers refer to the percentage of cells stained and fluorescence intensity 
(1-4+) of TB-negative cells. 
anti-RolLa positive, but none had anti-Sm or anti-nRNP detected 
by counterimmunoelectrophoresis. No additional sera were found 
to be positive for Ro, La, Sm, or RNP by immunoblotting or ELISAs 
utilizing human recombinant antigens. J'he 31 non-penetrating 
ANA-positive sera demonstrated the following specificities: anti-
dsDNA [9], antiribosome P [6]. anti-Sm [4], anti-nRNP [3], and 
anti-RolLa [3]. 
To study the kinetics of nuclear staining, eOLO-16 cells were 
incubated with the "penetrating" test sera for different time inter-
vals and at different temperatures. A representative result of such an 
experiment is shown in Table II. The data show that the percentage 
of DIF-positive staining cells was directly related to the length of 
time that the sera were incubated with the cells. The binding pro-
cess was rapid (30% of nuclei were positive after a 10-min incuba-
tion with serum) and 95% of cells were positive after a 30-min 
incubation. Furthermore, the process was temperature dependent, 
because only 50% of cells demonstrated faint nuclear fluorescence 
after incubation with serum for 60 min at 2°C, whereas 100% of 
cells showed intense nuclear staining when incubated at 37°C for 
the same length of time. Similar results were obtained with the 
other four "penetrating" sera. To determine the effect of inhibiting 
actin polymerization [30] on antibody uptake, cytochalasin B (1 
flg/ml in dimethylsulfoxide) was added to the cells 20 min before 
addition of the sera. Pre-incubation of the cells with cytochalasin B 
caused a marked decrease in IgG uptake as well as enhanced mem-
brane staining of the majority of the cells (Fig 2). 
Because the finding of nuclear penetration by autoantibodies into 
living cells was detected in a transformed cell line of epidermoid 
origin, it was of interest to investigate whether this process could 
also be observed in other transformed cell lines of epithelial origin, 
in normal epithelial cells and in non-epithelial cells. The results of 
these studies are summarized in Table III. The data clearly show 
that intranuclear IgG was only detected in transformed cells of 
epithelial origin, although the degree of penetration varied in each 
cell line. Nuclear fluorescence was most intense in eOLO-16 cells 
followed by A-431 cells and HeLa cells, and was only observed in 
occasional normal keratinocytes. Intranuclear fluorescence was not 
observed in any of the cell lines of lymphoid origin. 
Because the screening experiments were performed with diluted, 
but otherwise untreated sera, a series of experiments were under-
taken to determine whether the process was dependent on comple-
ment, soluble serum factors or aggregation of the IgG (as might be 
present in immune complexes). Neither decomplementation, dialy-
sis, or ammonium sulfate fractionation of whole serum diminished 
antibody penetration (results not shown). Similarly, when a pene-
trating serum was mixed with a non-penetrating serum of known 
specificity (anti-ribosome P), intranuclear IgG, but not intracyto-
plasmic IgG, was detected. These findings exclude a role for com-
plement or other serum factors in facilitating penetration. Although 
cells of epithelial origin do not usually express rece,.ptors for the Fe 
portion of immunoglobulin G on their membranes lI1], eOLO-16 
cells were incubated with aggregates of normal human IgG 
(HAG G) and penetration assessed after 45 min. No intracellular 
IgG was detected. Furthermore, pre-incubation of the cells with the 
HAGG followed by incubation with a "penetrating" serum did not 
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Figure 2. Effect of cytochalasin B on antibody penetration. COLO-16 
cells were preincubated with (a) cytochalasin-B (1 ,ug/ml dimethylsulfox-
ide, 0.025% v Iv) or (b) dimethylsulfoxide only for 30 min at 37°C. Test 
serum 2 (see Table I) was added for an additional 30 min at 37"C. Follow-
ing a wash step, fluorescein-conjugated second antibody was added as 
described in the legend to Fig 1. Note the marked increase in the fine 
granular fluorescence staining of the cytoplasmic membrane in cytocha-
lasin-B pre-treated cells (a , arrow) compared to dimethylsulfoxide only 
pre-treated cells (b). Bar, 30,um. 
diminis.h uptake of intranuclear IgG (not shown). To definitely 
determme whether penetration was Fe or Fab (antibody) mediated, 
eOLO-16 cells were incubated with either whole serum or F(ab'h 
fragments ofIgG from patients 3 and 4. After washing, one well was 
incubated with fluorescein anti-human IgG (Fe) and a second well 
with fluoresceinated anti-human light chains. Fluorescence stain-
ing was only slightly higher in cells incubated with whole serum 
tha~ in cells incubated with the F(ab'h fragments when anti-light 
chams was used as the secondary antibody. In contrast, no staining 
was observed when cells incubated with F(ab'h fragments were 
incubated with the anti-Fe secondary antibody. These results ex-
clude a role for Fe-dependent IgG uptake and strongly suggest that 
the process is antibody dependent. 
~tibody Specificity To determine whether antibody penetra-
tion could be explained by anti-DNA or anti-chromatin antibodies 
binding to putative DNA receptors on the cell surface, the globulin 
fractions of test sera were extensively absorbed with dsDNA or 
chromatin prior to exposure to CO LO-16 cells. Whereas antibody 
activity measured by ELISA was almost completely abolished (opti-
cal density decreased from 1.6 to 0.15), no decrease in the percent-
age of cells positive for IgG by DIF was observed. Absorption with 
DNA slightly decreased the intensity of staining (from 3 -4 to 2 +) . 
To further determine whether DNA binding could explain anti-
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Table III. Autoantibody Penetration into Nuclei of Various 
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• Cells were incubated with the sera for 30 min at 37' C and thereafter tested for 
intracellular IgG by DIF as described in Materials atld Methods. 
I COLO-16 cells stained positively with five "penetrating" sera and negatively 
with 31 " non-penetrating" (but ANA-positive) and 10 normal sera. Other cell1ines 
were tested with the five "penetrating" sera and with at least five "non-penetrating" 
sera and three normal sera. Results obtained with " non-penetrating" or normal sera 
were always negative. 
, Numbers refer to percentage of cells stained and fluorescence intensity (1-4 +). 
body uptake, COLO-~6 cell.s were ~reate~ with DNase (~ I?g/ml) 
for 20 min at 3rc pnor to incubation with sera. The staining was 
virtually unaffected by DNAse treatment (not shown). 
To further characterize the specificities of the penetrating anti-
gen, immunoprecipitation was performed with cell surface -labeled 
proteins (Fig 3). Two of the five "penetrating" antisera (sera 4 and 
5, Table I) precipitated proteins of approximate molecular weights 
88 kD (lane 3), and 88 kD and 68 kD (lane 4) . Because the Ku 
nuclear antigen, a heterodimer consisting of70 and 80 kD proteins 
[31- 33] has recently been reported to be detectable on cell-surface 
membranes [34], COLO-16 cells were incubated with two different 
monoclonal anti-Ku antibodies (kindly provided by Westley 
Reeves, University of North Carolina, Chapel Hill) alone and were 
also incubated together with the "penetrating" antisera. No nuclear 
staining was observed with the monoclonal anti-Ku reagents and 
nuclear binding by the "penetrating" autoantibody probes was not 
inhibited by the monoclonal antibodies. These findings indicate 
that at least some of the penetrating antisera contain antibodies that 
bind to cell surface components but that these proteins are not likely 
to be the Ku antigen. Although immunoblots with a HeLa whole 
cell extract revealed additional bands of uncertain identity in indi-
vidual sera, a common antigen was not identified with the five 
penetrating sera (not shown). 
Effect of Nuclear Penetration on Cell Function To deter-
mine whether autoantibody penetration into living cells affected 
cell viability, COLO-16 cells were incubated with "penetrating" or 
"non-penetrating" ANA-positive sera (diluted 1: 50) for varying 
times. In both groups, viability (tested by TB exclusion assay) was 
greater than 90% after 30 min incubation at 37°C and was greater 
than 80% after 1 h incubation (data not shown). Because autoanti-
bodies within the nuclei of living cells could have a delayed effect 
on critical cell functions such as replication, DNA synthesis was 
assayed 20 h after exposure to the test sera. As shown in Table IV, no 
statistically significant differences in [3H]TdR uptake was observed 
between "penetrating" and "non-penetrating" ANA-positive sera. 
Interestingly, however, PH]TdR uptake was lower in the SLE com-
pared to the normal sera. Similar results were obtained when DNA 
synthesis was determined in A-431 cell cultures (data not shown) . 
In Vivo Observations Of the five patients with penetrating anti-
bodies, one (patient 3, Table I) regularly attended the Outpatient 
Department at the Hospital for Special Surgery. A punch biopsy was 
performed and examined by light microscopy and DIF. Light mi-
croscopy revealed a minimal perivascular lymphocytic infi ltrate in 
the superficial dermis and around one of the hair follicles. A periodic 
acid-Schiff stain showed little, if any, evidence of basement mem-
brane thickening. As shown in Fig 4, strong nuclea.r staining in most 
of the cells in the epidermis (anti-IgG conjugate) but weak and 
scanty staining of a small percentage of cells (anti-IgM conjugate) 
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Figure 3. Immunoprecipitation of cell-surface antigens. Cell-surface 
proteins of COLO-16 cells were labeled with 1251, lysed, and immunopre-
cipitated with SLE sera 2-5 (see Table I). The labeled proteins were 
resolved by 50S-PAGE and developed by autoradiography. Four "pene-
trating" (lan es 1-4) and two ANA- and anti-dsDNA-positive, control 
"non-penetrating" (lanes 5 and 6) SLE sera were tested. 
was observed. No nuclear staining was observed with anti-IgA and 
anti-C3 reagents (data not shown) . In contrast, the "lupus band" 
test demonstrated a continuous, intense band when stained for IgM 
but faint and patchy IgG linear staining. 
DISCUSSION 
Almost all SLE sera contain antinuclear antibodies [35] . Despite this 
finding, only a proportion of patients undergoing skin biopsies dem-
onstrate intracellular IgG by DIF [1- 5,8]. Because in 1,;lro evidence 
for nuclear penetration into living cells by autoantibodies is limited 
[6 - 9], the pathophysiology of this observation remains controver-
sial [8,9]. Our findings indicate that a relatively small (14%) pro-
portion of ANA-positive SLE sera contain IgG antibodies that 
penetrate live epithelial cells in vitro. The internalization was com-
plement and Fc independent and no evidence for a serum permeabi-
lizing factor was detected. The ability ofF(ab'}z fragments ofIgG to 
penetrate COLO-16 cells strongly suggests that penetration was 
antibody mediated. Internalization of IgG and its translocation to 
the nucleus was an active metabolic process dependent on time and 
temperature (Table II) and was significantly reduced by cytochola-
sin-B, an agent known to block receptor-mediated endocytosis by 
disrupting the association of the plasma membrane with the under-
lying microfilaments [36]. Immunoprecipitation of cell-surface la-
beled proteins revealed antigens of approximately 70 and 88 kD. 
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Table IV. DNA Synthesis in Cultured COLO-16 Cells· 
Serum Dilutions 
Sera 1 :40 1 : 10 None 
ANA positive 
" Non-pene- 28,720 ± 9,877 23,840 ± 5,749 
trating" 
(n =5) 
" Penetrat- 29,160 ± 12,585 23,800 ± 9,812 
ing" 
(n = 5) 
ANA nega- 37,083 ± 6,225 36,483 ± 11,787 
tive (n = 6) 
Medium 45,450 ± 4,879 
aloneb 
• DNA synthesis was assessed by [3H)TdR uptake (20 h after labeling) into cells 
grown in sterile microtiter wells (2 X 10' cells/ 0.1 mI medium/well) in the presence 
of test sera. Results of each group are based upon the means of biplicate (expressed 
as cpm of TeA precipitable radioactive material). These results are expressed as 
mean ± SO. No statistically significant differences is noted among groups at equal 
serum concentrations (p > 0.1). 
b Medium contained 10% fetal bovine serum. 
Approximately 10% of patients with SLE have autoantibodies that 
bind to heterodimeric nuclear antigen of molecular weights 70 and 
80 kD [31 -33]. Because Ku has also been localized to the cell sur-
face [34] , Ku appeared to be a reasonable candidate antigen for 
recognition by the penetrating antisera. The failure ofKu monoclo-
nal antibodies to penetrate CO LO-16 cells or to block penetration 
of the SLE sera make it unlikely, but do not exclude the possibility 
that these antigens are Ku. The best characterized surface receptor 
known to be translocated to the nucleus is the glucocorticoid recep-
tor. This receptor is a hetero-oligomer comprising a 94-100-kD 
(depending on whether bound to ligand) glucocorticoid-binding 
subunit and the 90-kD heat shock protein [37] . Although the molec-
ular weights of the proteins immunoprecipitated in the present 
study are somewhat smaller than the glucocorticoid receptor, fur-
ther studies will be required to definitivel y identify these antigens. 
Whether the failure of the other three "penetrating" sera to im-
munoprecipitate labeled pep tides from the membrane of co LO-16 
reflects lower titers of antibodies, the IgG3 subclass that does not 
bind to protein A or heterogeneity in the antigens recognized by the 
penetrating sera remains to be determined. 
Previous studies indicate that anti-RNP antibodies can penetrate 
the nuclei of living mononuclear blood cells or keratinocytes 
[10,11] and Furukawa et af have shown that anti-Ro antibodies 
penetrate live keratinocytes iff vitro following UV irradiation ill vivo 
l38] . Other studies have reported the binding of SLE sera to the 
membrane or nuclei of cells secondary to interaction with DNA on 
the cell surface [12,39] . Bennet and colleagues have identified a 
32-kD putative DNA binding receptor on the surface of PBMC 
[40]. The failure to detect anti-RNP in all five or anti-Ro antibodies 
in four of five "penetrating"sera by three different assays and the 
inability of DNA or chromatin to inhibit penetration suggest that 
penetration observed in this study results from a different popula-
tion of autoantibodies. 
Autoantibodies in SLE are frequently directed against proteins 
that play essential roles in cell function (transcription, translation 
and processing of pre-mRNA [35]). When autoantibodies are mi-
croinjected into living cells ill vitro, they can profoundly affect cell 
function and may, in some cases, cause cell death [35 ,41]. Despite 
rapid penetration of IgG into the nuclei of living cells, no effect on 
cell viability was noted at 1 h and DNA synthesis was normal when 
assessed a day later. At first , these results appear surprising. However 
if, as postulated, the antibodies enter the nucleus following binding 
to and translocation with cell-surface receptors, it seems likely that 
their antibody-binding sites would be occupied and unavailable to 
interfere with intracellular function. Furthermore, because penetra-
tion was not accompanied by non-specific uptake of bystander anti-
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bodies, it is highly unlikely that potentially more iqjurious antibod-
ies (e.g., anti-DNA, anti-RolLa) entered the nucleus in these 
experiments. 
The COLO-16 line was derived from a patient with epidermal 
cancer and unusual non-metastatic manifestations of her tumor [1 4]. 
Penetration of A-431 cells and, to a lesser extent, HeLa cells, indi-
cates that penetration is not unique to the COLO-16 cell line. 
However, the fai lure to detect penetration in a significant percent-
age of normal keratinocytes suggests that penetration may be lim-
ited by either the state of differentiation or activation of the cell. 
Detection of intranuclear IgG in keratinocytes obtained from one 
patient with penetrating IgG is compatible with the hypothesis that 
cell activation or exposure to Iymphokines or growth factors may 
enhance cell-surface expression of antigen, thereby promoting up-
take of antibodies with specificity for this cell -surface receptor. 
Alternatively, exposure to ultraviolet light may be necessary for 
antibody uptake. Furukawa et af have shown that exposure to ultravi-
olet light ill vivo induced binding and uptake of anti-Ro antibodies 
[38] and we have recently demonstrated that SLE keratinocytes 
show enhanced expression of soluble antigens fo llowing exposure 
to ultraviolet light in vivo [19]. However, because a systematic study 
correlating the presence of penetrating antibod ies and the "ill villo 
Figure 4. Direct immunofluorescence of the skin biopsy from patient 3. 
a) Skin section incubated directly with FITC-conjugated anti-lgG. Note 
the intense granular intranuclear staining in the majority of epidermal 
cells (arrow heads), contrasting with the less intense staining at the der-
moepidermal junction (arrows) . b) Skin section incubated directly with 
FITC-conjugated anti-IgM. Note the intense continuous linear fluores-
cence of the " lupus band" (arrows) , contrasting with a faint sporaruc 
intranuclear staining of the epidermal cells (arrowhead). Bar, 80 11m. 
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ANA phenomenon" v.:as not performed here, it reI?ains to be deter-
mined whether a relatIOnship between these findings eXist. 
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